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Subroutine BINARY 13 an loplemsntaft o the self-critical estimation prMoeure

of Paulson, Premer and Lawrence (1953). The logistic, Gaussian or Type I extreme

value distribution may be selected an tolerance distribution. Estimates are eXpreMed

In location-scale form on entry and exit, but remults may be printed out in regression

form, location -male form, or in both form(Me Section 3 for a description of the

two prmetrlzatiomu). )It is possible to hold location parameters constant during the

estimation procedure. Estimation Is acopU"g!ed by a Newton -Rapiwonmehd

2. SpOc1fication (PORTRAW)

SUBROUTINE BINARY (N, 13, X, IA, NPAR, 15gB, ISTART, J0Z3, lOIST, C,

RELTOL, ABSTOL, KAXIT, ZPRINT, IFLAG, BETA, XLOGL, rCOVv COV, LKN,

MZKORY, IFAULT)

3. DSCU*C
Y#

The routine IS appUcable to the following modelng situation: Por I a 1,..., n

(n in the sample size), let vi be the stre variable, aj a zero-one indicator of

withstand or failure, and Xj - (x 1i,..., Xl )T a column vector of covarlates. A

constant In incorporated as a covarlate identically equal to unity. The came pm0 is

possible, but should be rare.

The tolerance distribution and density, P(vj) and f(vj) respectively, depend on

the covarlatef, a scale parameter €, and a vector of location parameters 03 a

(P,..., Pp)T I follows, where

eZ. C' e,' Ke0 t
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(vj-D'Xj)

- logistic, F(vj) e up(ut)

(1 e3qp( U

f(vi) - -A- (1 P(u)
101 (14ezqp(Uj))8

- Gaussian, 1(v 1 ) - ,(ui)

(0 is the standard Normal distribution function),

f(vi) - e.(- Ut)l

q IV

- extrem value, F(vi) = 1 - exp(-exp(uj)),

f(vI) = -'L *xp(ut-exp(uj)).
101

In principle, It In Poseible for e to be negative, but this contradicts the physical

notion of a st e variable.

M the method of maxdima likelihood, parameters * are estimated by UadUWMi

the log Uielihood,

n
L(O) £ CallogP(v 1 ) + (1-ai) log(vl)),i-i

where S = 1-P. The self-critical procedure depends on a user-epeclfled quantity c,

and eatimates 0 by Solving the sywste

Cf 0  v[al logF(v1 ) + (,-at) 106og(wi)~ 0.

When c 0, maximum likelihood estimates are obtained. As c increases from zero, '

Increasingly robut estimators remalt. The sensitivity of parameter easti.ates to W

departures from model assumptions can be examined by starting with c a 0 and M

refitting the model for Increasing values of c. Negative values of c me less useftl.

.e lk



4. Numerical Kehod

For the purpose o estimation, the routine (Internally) re~prameterizes the

problem in a -regreion form. in t perameteriation, r(-) depends on

V I a avi + X 1

instead of

u t=Vl"O'Xi. '
"a

The reparameterization offers two advantages:

1) Computation a the necemary partial derivatives Is Simple;

2) Por maximm 1Wkehood estimation with a logistic tolerance distribution,

it can be shown that the regremion parameteriuon result In a concave

maximization oblem. We anticipate that It will have fairly good proertie'I

In the more compUcat*d cases.

it has a d~sadvantage In term o potential Ill-conditionlng of the aessian (or

Jacoblan) matr x, so that the input dat Wxld be sen bly scaled (me Section 21).

Parameters are amumed to be exp sed In the easier to understand location-scale

form on entry, and are transormed back to location-scale form on exit, so the user

need not worry about details at reparameterization.

Let

SfC(v1 )[a -! log(vi) + (1-aj) -! logS(vi).

The gradient used in Newton-Raphson iteration has e t component
n n

to n " E Se9, and the Hessian has (0, 0') component *, = n' et,

(the scaling by n'" should be helpful when n is large).

%-v,.*:
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When c = 0, the estiamted asymptotic covarlance matrix of the estimators 12

n'L(-H) " &, Wile when c i 0 it In n''HL'VL"L , where V has (0,9') component

n
V99t = n' £ 3otSo*i. The estimated asymptotic covariance matrix I ex-1

pressed In location-scale form by pre- and post-multlplying it by the Jacobtan of the

underlying parameter transormation.

Newton-Raphon Iteration converges when

MX G(k) -(-aj< ABSTOL

and

1 (k)

:I.

maxT

where superscripts represent iteration numbers and ABSTOL and RELTOL are

user-mappUed. The user also specifies a maxlimm allowable number MAXIT of

Iterations.

Solution of linear equations and matrix Inversion in accomplisted by mubroutines

DECOKP and SOLVE, taken from Porsythe, Malcolm and Moler (1977). Them routines

are of high numerical quality, and provide an estimate of the condition number of the

Input matrix, which tI often useful. M the interest o portabiUty, iterative

Improvement Is not used.

4Js

5.* Parameters n

5.1 Input Parameters.

N - INTEGER %%
Sample size. Unchanged on exit.

IX - INTEGER
Row dimenwion of data matrix X. Unchanged on exit.

4.".
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x - REAL array of DINENSIOK (IX # q) , where q b N.- DAa matrI
containing the dependen (strew) variable and all covarlates.
Bach colum corresponds to one observation. If parameters are
held fixed, values of the dependent variable Will be changed,
but Vmtz input values restored.
Unchanged an exit.

MA - ITEGER array of DIMNSION P.
Withstand or failure to Indicated for observation r according as
XA(I) -0ocr MCI%) 0 0.
Uncatnged on exit.

NPAX INTEGER.
Number of parameters In the model.
Unchanged on exit.

ISUS INTEGER array of DINSION (NPAR).
Indicates ra of data matrix X c-orreswmvgpondin to Parameters
(the scale parametr Is taken to correspond to the dependent
variable). Por Instance, If ISUD(3) - 5, the third parameter
corresponds to the fifth raw of X.
Unchanged on exit.

ISTART - N'flGER array of DIMENSION (NPAR).
Indicates the stau of parameters In the model, and whether a
starting value Is to be mapplied.
If isTART(I) in equal to
0, DETA(1) to to be estimated, and Its Input value 1n to be

disregarded; q

1, DE'IA(I) Is to be estimated, and Ift Input value is to be :

Lied as starting valuel
2, aETA(r) to to be held coristant at its input value.
(See, Section 11. 2 for c-oeIt on starting values; the scale of
parameter Is not allwd to be held constant.)
Unchanged on exit.

rDEP - INTEGER.%.
Row of dependet (strew) variable In X.
Unchanged on exit.

WDIST - NTEGER.
Indicates the tolerance distribution desired. 1
It IDIST equals
1, logistic distribution will be used;
2, Gaussian distribution will be used;
3, extreme value distribution will be Lised
Unchanged on exit.

C - DOU3LEZ PRECISION
User-mipplied constant for self-critical estimation.
Unchanged on eit.

-%



RzE.TOLA - DOUDLE PRECIS ION.
?Alative convergence tolerance for Nowton-Raphson iteration
(see Section 4).
Unchanged on exit.

MIwa? - 1M 1 .
Naxiin allowable number of Newton-Raphson Iteration.
Unchanged on exit.

IPRrM' INTE=.
output unit numnber. If rPRItNT d 0, no output will be produced. A
if IPRItNT > 0, standard output will be produced on logical
output unit rPRIN'?.
Unchanged on exit. 

0

z7LAG - Irl'uR.
Indicator for form of output.
if rP[AG < 0, the standard output smmry will be In regression
form. If IFEAO a 0, output smaries will be produced for
both regression and location-scale parameterizations. if N
IFKAG > 0, the standard output suinary will be in location -
scale form. (3ee Section 11.3).
Unchanged on exit.

s.2 Input/Output (and associated dimension) Paramesters.

BZTA - DOUBLE PRECISION array of DZNrISOI (NPAR).
On entry, contains starting values as specified by ISTANI'.
On exit, contains parameter estimates, In location scale form.

MML DOUBLE PPRCSION.
On exit, contains the log likelihood If c a 0 (imaxiium
likelihood estimation), and zero otherwise.

How diasnision for COy.
Unchanged on exit.

COVDOUBL PFRECSIoN array of DDNVISON (MOV, q), where q b MGAR.
On exit, estimated asymptotic covariance information for the
parameters. The diagnal contains standard errors, the strict
lowr triangle correlations, and the strict upper triangle S
covariances. If a parameter Is held constant, all correspond-
Ing entries are zero. The covariance matrix will be for the
location-scale, parameterization rulers IFIAG < 0, when it will
be In regression form. See Section 3.1.3.



S. 3 Wortupace (and amoclated dimenion) parameters

LMEM - ITEGER.
Lengit work array MEMORY, an declared In ca ing program uit.

MEN b NPAR + 4'NACT'(+NACT) + 2'max(NPIX, 2*NACT), where
NACT I the number t parameters estimated and NFIX NPAR-NACT
Is the number of parameters h.ld constant.
Unchanged on edt.

MEMORY * INTEGER array of DIMENSION (LMEM).
Used as workspace.

S., Diagnostic Parameter

IFAULT - INTEGER. 7
Unless the routine finds an error or gives a warning, AULT ,
will be 0 on ewt. See Section 6.

6. Error dibcation anid Warnilngs

Errors or vrnings specified by the routine:

IFAULT < 0 I IFAUL T -I, 1 > 0, then an arithmetic exception was about to
occur on observation I, while computing partial derivatives. This
failure should be rare. If the data have been Ibly scaled, and "
the starting values are not too bad (see Sections 11.1-11.2), the
probable cause is a data error. The routine stops as soo as the
error Io detected, and output parameter values are not of interest.

[FAULT Inpu parameter outside expected range. This failure will occur if, .

on entry, N < I, NPAR < 1, IX < NPAR, [COV < NPAR, RELTOL A 0,
ABSTOL < 0, MAXIT < 1, IDIST < 1, IDIST > 3, nFLAG a 0 and
[PRINT a 0 (see Section 11.3), ISTART(I) < 0 or ISTART(r) > 2 for Z.

nome I, ISTART(r) W 2 for all I, ISUB(I) o IDEP for all I, or
ISUCD() = IDEP and ISTART([) = 2 for some I. (The tast restriction
mean that the scale parameter cannot be held constant. ) The
routine stops without doing any calculations.

[FAULT " 2 Insufcient workspace. This failure will occur if, on entry,
LEN < NPAR + 4*NACT-(I+NACT) + 2'MAX(NKPIX,2*NACT), where
NACT Is the number of parameters estimated (ISTART(1) < 2), and
FIX - PAR - NACT is the number of parameters held constant

(ISTART(I) a 2). The routine stops without doing any calculations.

IFAULT u 3 The Hesian matrix has become rumerically singular during Newton -
Raplwo iteration. The routine transform estimates to location -
scale form, restores values of the dependent variable If parameters
were held fixed, and stops. Outpu parameter values are not .
generally of interest.

'm :
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IIPAULT -'The Newton-Raphson Iteration did not converge to within RELTOL
and ABSTOL In the specified XAXIT Iterations. The routine
transorm estiates to location-scale form, restores values of
the dependent variable If parameters were held fixed, and stops.
Output parameter values are not generally of Interest.

7. Auxiliary Routines

SUBROUTINE PREPAR(DC, N, X, NPAR, BETA, rsuD, rSTART, NACT, LACT,
tRAP, PAR, NFEC, IFIXED, IDEP, WORK)

Prepares for Iteration by setting up some Indexing and woriting arrays,
subtracting the effects of fixed parameters from the dependent variable,
and settng Initial active parameter values in regreson form.

SUBROUTINE NEWTON(C, KMT, RELTOL, ABSTOL, DIFFER, XLOGL, MACT,
1ACT, PAR, 1PrVOT, BIESS, HESFAC, N, DC, X, LA, IPRINT, a
LWORX, WORK, LFAULT)

Carries out the Newton -RapthsfOn Iteration.

SUBROUTINE VARLAB(C, la.OGL, REGRES, DIFFER, VROCJT, NACT, tACT,
INAP, PAR, IPrVOT, NESS, HESFPAC, ICOV, NPAR, COy,
DET, N, IX, X, rA, WORK)

Computes the estimated asymptotic covariance matrix, transform It to
location -scale form if requested, and computes correlations and standard
error*.

SUBROUTINE EXPOST(REGRES, IDEP, NPAR, BETA, rSTART, NACT, PAR, MRAP.
N, DC, X. NFDC, IFD3CED, WORK)

Sefts the output vector BETA, transforms to location -scale form If requested. -

If location -scale form in requeted and parameters were held fixed, restore *.

Initial values of dependent variable. .,.

SUBROUTINE RESULT (C, REGRES, IPRIrNT, rDIST, N, IDEP, NACT, NrrDC, ~
XLOGL, NPAR, BETA, 13UB, ISTART, ICOV, COV, DET)

Produces a standard output summary on logical output unit IPRINT.

The following routines are specific to particular tolerance distributions, and are

declared EXTERNAL in BINARY. The first three, prefixed D, are passed to NEWTON

and VARIAB. The next three, prefixed V,* are passed to VARIAB.



SUBROUTINE DL#OG3N(C, OBJECT, NACT, TACT, PAR, GRAD, BESS, f, DC, X,
IA, , IFAULT)
SUBROUTINE DGAUUN ( - - )
SUBROUTINE DZXVBN ( B --)

comput gradient and Beman for logistic, Gaumsan and extreme value models,

SUBROUTINE VLOGBN(C, NACT, ZACT, PAR, V, N, IX, X, 1A)
SUIRoUTINE VGAUN(- " ) 
SUBROUTINE VXUBN(- - )

CCmput V factor of estimated asymptotic covalance matrix for logistUc, ,
Guasmian and extreme value models, resp.

The fouoing procedures perform general numerical task. They have been

included in the interest of portability, although equivalents exst an many computer

A
T

SUBROUTINE DECOP(NDIM, Nf. A, UL, COND, UT, WORK)
SUBROUTINE SOLVE(NDIN, X, A, B, X, IPUT)

DECOKP decomposes a matrix into LU factors and estimates its condition. SOLVE
solves a linear yetm , usng the remlts of DECOP. Thee routines are In
Forsythe, Malcolm and Noler (1977), but the present verslons Include an extra
argument so that A and B need not be overwritten.

SUBROUTINE DKXNL&T(A, TA, N1, B, 0B, K2, C, IC, N3, WORK, LWORK,
IFLAG, TAULT)

I...

Double precision matrix multiplication -

A(N1 x N3) -z B(N1 x N2) * C(N2 x N3), where Bie overwritten If IPLAG < 0
and c In overwritten If LFLAG > 0.

DOUBLE PRECISION PUNCTION ALNORm (X, UPPER)
Algorithm a 66 (Hill, 1973) to compute tail areas of the standard Normal
curw.

DOUBLE PRECISION rUNCTION RKMLS(X)
Computes Z(x)/Q(x), the reciprocal of Mills ratio, where x is a standard
Normal varlate. This procedure is based on procedures by Hill (1973) and -B

Adam (1969).

I B %* s'
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Adams. A.G. (199). Algorithm 39. Aream under the normal curve. Computer J.,12, 197i1911.

Forsythe, G.E. Nalcolm, N.A. and Molr, C.B. (1977). COMPuer NOhods for
Ma thmatical cop u. faleood CUM, New JerMey Prenwce-na11.

Bill, 1.D. (1973). Algorithm AS 66. The normal Integral. AlleUd Stastics,
22, 424-427.

Pulson, A.S., Premr, N.A. and Wrence, C.E. (1963). Self-critical, and
robust, procedures for the aaysis of binary data. Operaoi Research and
Statistics Report No. 37-03-Pl, DepartmW of Operationw Research and Statletics,
Remlaer Polytechnic wtibute.

9. Stora e

There are no Internally declared arrays.

1o. Precision Machin Dependent Cotan

The routein was developed on an 131 computers. The data matrix Is single

procin to cornrve storage. To convert to single precision, take the following

stepe, with the exception noted below, '

1) Change all DOUBLE PRECISION declaratioU to REAL;

2) Replace references to double precision FORTRAN library functiciw

with single precision versions, e. g., EXP replaces DEXP;

3) Replace double precision cowstani by their single precision

versionw, e.g., 1.0 replaces 1.ODO.

Notes Mm routine PREPAR and EXPOST, the dependent variable In adunted for 40

efect of fixed parameters. Thes adjustemente mut be calculated in double precision

.



to avoid a low f signficant digits in X which could affect eamKunt computatios.

Procedures DrOGBN, VT.OODN, DGAUDN, VGAUBN, DEXUIBN, V2 XUN, OECOxP,

ALNORN and RM.LoS ume machine-dependent constants whose vlauee are set in DATA

statement. Thme constant may have to be altered for some computers. They are

pointed out by comment in the program unit.

1l. Further Commet.

11.1 Scaling, conditioning of Hessian matrix

The user should be &Were of potential problems of ill-conditioning. Because a

rearesion -type paranmeterizaution Is used, calculation o the Hmean matrix involves

operatine similar to the formation of X y X, where X Is the data matrix.

Unforbmmately, the remlting Eessan in often rather ill-conditioned. ME zPRZT > 0,

an estimate of the Hessian's condition number to printed out at each iteration.

Roughly speaking, a condition number in excess of 107 is worrlome, although

condition numbers in excess of 10 ° can be tolerated when working In double precision
a

on an IBM 301. The user can and should avoid potentially excessive U-conttoning

by scaling the data matrix X before calling the routine.

* Although it is not Imown how to optimally scale a problem, it seem that a nearly

i Ideal scaling will be achieved if nonconstant variables are transormed to the range

C-1, 11, centered at zero. However, such precise scanlig if often tedious. It

seems most Important to "equilibrate" the data matrix so that all variables have

roughly the same (moderate) magnitude. Such equilibration to often simply

accomplished by dividing by mutable powere of 10, e.g., expresing voltages In

megavolt. instead o kilovolts. Centering the variables will further reduce the
U'

condition number. One often centers covarates anyway, so that the -intercept-

*% %

I
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parameter hem a clear inte ptrstation.

Since Newton -Raptinon procedure Is employed, starting values are important. If

no starting vabiues are supplied by the user (rSTART( I) - 0 for all I), the routine

will use wuty for the scale parameter and sero for all location parameters. Thesm

starting values will not be acceptable unless the dependent variable has been cetred

and scaled. It Is r ecommende that the user employ the mea and standard deviation

of the dependent variable as starting values for the "Intercept" parameter (if any) and

scale parameter, respectively. If the model Is sequentially refit with diferent value

of c, it is rcmeddthat estimates from the most recent call be used em starting

values for the . eit call. -

11.* 3 I~P lt

Becase the routine will generally be called sequentially with different values of

c, it is mos convenient to always express entry and exit parameter values in the same

form. The location -scale form In used, because that form affords the clearest

interpretation. An Incoul tency arises of UPLAG < 0, for them the output estimates

are In location -scale form, but the convariance matrix is in regression form. Thus,

if the user wants to make separate use of the output parameters cc sINARY, theI

routine should be called with IPLAG 'h 0.

It is recommended that the routine be called with MPINT > 0. If MFAG 4 0,

the requirement, IRINT > 0 is enforced. (When ILAG < 0, the requiremen isI in

keeping with the Linconsistncy mentioned above.) The standard output summary should



be uifciant for m:l applications. "or the mmaim fleiebUty in output and

interpretatin at reslts, call BWARY with XPRINT > 0, MrAO - 0.

The fo wng program Ilitrateu the ue of BMARY, and the tandard output

produced when TPRING > 0 and IPLAG , 0.

%

g%.
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